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SUMMARY / 
The hydraulic model studies of himbus Dam spillway were per- 

formed to develop an economical but adGquate stilling basin and to determine 
the capacity and overall performance characteristics of the overflow cres t  
section. 

The performance of the preliminary stilling basin was very good, 
Figures 5 and 6, but model studies indicated that the basin length could be 
shortened and still be fully effective. Thellength was reduced from 100 
feet to 60 feet and three arrangements of baffle piers and end sills were 
investigated, Figure 4. 

The recommended basin, utilizing a dentated end sill to reduce 
the height of waves and the extent of bed erosion downstream from the 
basin, was a s  efficient as the preliminary basin in dissipating the flow 
energy, Figures 12 and 13. 

The capacity of the spillway was l e s s  than the design quantity; 
the model studies indicated that at the maximum reservoir elevation the 
discharge per bay was only 15,000 cfs instead of the 16,670 cfs anticipated, 
Figure 14. 

Pressure measurements on the spillway c res t  section revealed no 
pressures  near the cavitation range. The lowest pressure measured was 
equivalent to about 4 feet of water below atmospheric, Figure 15. 
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Nimbus Dam, a part.of the Folsom Unit, American River Divi- I 

sion, Central Valley Project, California, is located on the American River , '  
about 1 2  miles northeast of Sacramento, California, Figure 1. Ii 

I 

The dam is a concrete structure about 1,000 feet long and 22 feet" 
high. The center portion of the dam is divided into eighteen 40-foot-wide 1; 

spillway bays. The flow through each bay is controlled by a 40- by 24-foo't 
radial gate. The dam is part of a multipurpose project and is used for 

i i flood control and to create a reservoir for a hydroelectric powerplant, j: 
Figure 2. 

1 
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Of the 18 bays of the spillway, the 2 bays adjacent to the power-: 
house on the right bank are operated in conjunction with the turbines to 
provide flow in the river at all times. The floor of the stilling basin in ! 
these bays is 4 feet lower than the floor in the other 16 bays. The 16 
bays a re  operated in units of 4 adjacent bays. The number of operating' 
units will depend on the size of flood to be routed; for large floods the gates 
of one unit wil l  not be opened more than 1 foot before the adjacent unit is 
brought into operation. This gate operation will make it possible to main- 
tain the reservoir level between elevation 11 8.5 and elevation 125.0. To 
provide satisfactory spillway performance for the numerous flow conditions 
resulting from the many gate opening combinations, it was imperative that 
the stilling basin operation be investigated by hydraulic model studies. 

The spillway is located near the center of the river channel, giving 
symmetrical approach conditions as  well a s  a straight channel downstream 
from the spillway. Because of this, it was not necessary to test the entire 
spillway, but only to investigate a part of the spillway with a sectional 
model. 

THE MODEL 

The hydraulic model. of Nimbus Dam spillway was built to a scale 
of 1 :36. The model was plac'ed in a 40-foot-long, 2-foot-wide by 2-foot- 
deep, sheet-metal-lined woocl. flume. One full bay and two partial bays 
were included in the model, Figure 3. 

A 5-foot-long glass panel was located in one wall of the flume. 
The crest  section of the spillway was placed at  the upstream edge of the 
glass panel with the stilling basin apron in the center of the panel, per- 
mitting observation of the stilling action in the basin. Two hundred feet 
of the prototype forebay and 400 feet of the downstream channel were also 
modeled in the flume. 

The overflow section of the crest  was formed in smooth finish 
concrete screeded to sheet metal templates. The floor o r  apron of the 
stilling basin was built of galvanized sheet metal as were the radial gates. 



in wood waterproofed with linseed oil. 

The floor of the forebay area was  formed with a 6-inch layer of 
pea gravel, The first 200 feet of the channel bed below the spillway apron 
were molded in sand and the remaining 200 feet in pea gravel. 

Water surface elevations in the forebay and downstream channel 
were measured by hook gages placed in stilling wells connected to the 
flume upstream and downstream from the crest; staff gages placed on the 
inside of the flume were also used to measure the water surface elevations 
a t  suitable points, Figure 3.  Pressures on the spillway crest  were deter- 
mined from piezometers connected to open-tube glass manometers. 

Water was furnished to the model from the main laboratory supply 
system and measured by either a 4-, 6-, or 8-inch Venturi meter. After 
entering the flume, the water passed through a 6-inch-thick rock bdfle 
before entering the forebay area thus assuring smooth approach flow. The 
tail-water elevation was controlled by an adjustable gate placed at  the down- 
stream end of the flume. The model layout is shown on Figure 3. 

THE INVESTIGATION 

Operating Criteria 

Because of the numerous gate opening combinations possible with 
18 gates, it was impractical to attempt to evaluate all of them with each 
model modification. Therefore, the most severe flow combination was 
determined by representing various tail-water conditions and used a s  a 
primary criterion in the testing. Fifty thousand cfs discharging through 
four bays provided the most severe condition since the unit discharge was 
large and the tail-water elevation was low, resulting in a very rough hy- 
draulic jump in the stilling basin. Two additional flow conditions were 
also used in evaluating the tests, 150,000 and 300,000 cfs discharging 
through 1 8  bays with maximum reservoir elevation and normal tail-water 
elevation for each discharge. 

Stilling Basin Studies 

The performance of each basin was evaluated in three ways: 

1. The action visible through the glass panel was observed to 
determine the overall effectiveness of the stilling basin, and to de- 
termine the height and frequency of the waves in the downstream 
channel. 

2. The per&issible tail-water elevation reduction, before the 
stilling action on the apron became inadequate, was determined. 



3. The extent of riverbed erosion downstream from the apron 
was determined for  the 50,000 and 300,000 cfs discharges after 
operating the model for  45 minutes. The eroded a rea  was photographed 
after it had been surveyed and white string placed to make the contours 
visible. In evaluating the erosion, the eroded areas adjacent to the 
vertical f l u e  walls were not considered since they were the result of t 

secondary currents caused by the walls and were not representative of # 
actual prototype conditions. 

Preliminary stilling basin. The preliminary stilling basin, Figure cr 
4A, used a horizontal concrete apron 100 feet long. One row of chute b l o c b  
and two rows of baffle piers  were placed on the apron to improve the still- 
ing action. The chute blocks, located at the toe of the overflow section, 
were 4 feet high, 3.33 feet wide, and about 1 6 feet long. The spacing be- 
tween the blocks was 3.33 feet. The f i rs t  row of baffle piers  was 25 feet 
downstream from the chute blocks and the second row was located at the 
end of the apron. The piers  were 3 feet wide, 3 feet high, and 4 feet long. 
The ,upstream faces of the piers  were vertical and the downstream faces 
had a 1:l slope. The spaces between adjacent piers were 3 fe6t; in the 
downstream row the piers  were placed opposite the spaces in the upstream 
row. 

The appearance of the stilling action was very good at all three 
discharges for  the preliminary basin. Fo r  150,000 and 300,000 cfs the 
stilling action took place on the f i rs t  50 feet of the apron, Figure 5. At 
50,000 cfs the stilling action extended downstream for  about 60 feet on the 
apron, Figure 6. The maximum wave height averaged about 2 feet in  
magnitude at the 50,000 and 300,000 cfs discharges; for 150,000 cfs, the 
waves were negligible, The reduced wave action at the intermediate flow 
was due to the tail-water depth. At 150,000 cfs the flow after entering the 
basin was well dispersed with respect to both the length and depth of the 
basin and the stilling action was complete, At 50,000 cfs the tail-water 
depth was small  resulting in a turbulent hydraulic jump and greater wave 
action. At 300,000 cfs the tail-water depth was excessive and the flow 
over the spillway did not penetrate to  the full depth and inost of the stilling 
actior, took place near the surface causing some wave action. 

I 

The amount that the tail-water elevation could be lowered before 
the stilling action became unsatisfactory was well below the minimum de- t 

sign tail water. Figure 7 shows the tail-water elevation at which the hy- 
draulic jump sweeps out when the 2 sluiceway bays and 4 overflow bays 
a re  operating. The normal design tail-water elevation is also shown. *. 

Erosion resulting from the 50,000 cfs discharge was moderate, 
the maximum depth of about 5 feet was located approximately 52 feet down- 
stream from the end of the apron, Figure 6. The channel bottom at the end 
of the stilling basin remained at the same elevation as the apron floor after 
this test. There was greater  erosion from the 300,000 cfs discharge with 
the deepest area  being 7.5 feet located about 48 feet from the end of the 
basin. The channel bed at the end of the basin had eroded to a depth of 6 
inches below the apron floor. 



The tests showed that the preliminary stilling basin was very 
satisfactory. It was apparent, however, that the apron could be shortened 
and still produce effective stilling action. Since the prototype stilling basin 
will be over 700 feet wide, any reduction in its length would result in con- 
siderable savings in cost. Therefore, it was decided to  continue the tes ts  
to develop a shorter  basin.. 

Stilling Basin Revision No. 1. For  tine f i rs t  revision, the basin 
length was reduced to  60 feet. The preliminary chute blocks were retained 
but the baffle piers in the f i rs t  row were made larger  and a dentated end 
sill was used in place of the second row of baffle piers, Figure 4B. 

The performance of the revised basin was not as good as the pre- 
liminary basin. At the 150,000 and 300,000 cfs d i scharge~,  all of the 
stilling action took place within the limits of the concrete apron, Figure 
8, but for the 50,000 cfs discharge a par t  of the stilling action extended 
below the end of the apron. However, the objectionable turbulence was 
near  the surface and did not cause excessive movement of the channel 
bed, Figure 9. 

For  discharges of 50,000 and 300,000 cfs the height of the waves 
at the end of the basin was 4 feet and 3 feet, respectively. The wave action 
at 150,000 cfs was negligible. 

For  50,000 cfs the deepest erosion was 7.0 feet and occurred 
about 50 feet downstream from the basin. At 300,000 cfs the eroded a rea  
was about 100 feet downstream from the basin and was also 7.0 feet deep. 
At both discharges some of the eroded material moved upstream and was 
deposited against the end of the apron to  a depth of about 2 feet. It was 
also noticed that the deepest par t  of the erosion was farther downstream 
from the end of the apron than it had been for the preliminary design. 

The tests showed that the preliminary apron could be shortened 
40 feet without greatly increasing the depth of the erosion. The erosion 
patterns were similar  in both designs with the deepest erosion well down- 
stream from the end of the apron. The wave action a t  the end of the 
shortened apron was greater  than for  the preliminary design, however, 
indicating that there might be more bank erosion with the revised basin. 

Stilling Basin ~ e v i s i o n  No. 2. The second revision to the stilling 
basin was made to reduce the amount of bed erosion downstream from the 
apron and to attempt to dampen the waves. 

For  this revision the .60-foot-long apron, the chute blocks, and 
the baffle piers used in the f i rs t  revision were retained but the dentated 
end sill was replaced. The length of the sill was increased to 12.42 feet 
and the height reduced t o  3.75 feet. The width of the dentils and the space 
between the dentils were increased to 6.0 feet, Figure 4C. 



Figure 10. At 50,660 cfs the stilling action took place within the lb-its - 
of the apron, but was accompanied with considerable surface roughness 
resulting in waves that averaged about 2 to  3 feet in height at the end of 
the apron, Figure 11. 

t 

The eroded a rea  for the 50,000 cfs test was about 7 feet deep with C 

the deepest par t  about 48 feet downstream from the end of the apron, 
Figure 11. After the 300,000 cfs test  the erosion was 7.0 feet deep with 
the deepest a r ea  about 90 feet from the end of the apron. In both tests,  6 

some of the bed material moved upstream and was deposited against the 
end sill to  a depth of about 2 feet. 

Based on the flow appearance, wave heights, and extent and loca- 
tion of the erosion, the second revision to the stilling basin did not improve 
the stilling action. However, either revised basin would be acceptable for 
use. 

Stilling Basin kevision No. 3 Recommended. The recomme~ded 
basin was 60 feet long and the chute blocks and baffle piers of the previous 
basin were reused. The end sill, however, was replaced with a dentated 
triangular sill. The solid portion of the sill was 10 feet long and 2.2 5 feet 
high, with 2:l slopes on the upstream and downstream faces. Dentils, 
4.5 feet high and 1.5 feet wide, were placed on the upstream side, Figure 
4D. 

The flow appearance was very good with this apron. The stilling 
action was confined within the limits of the apron for  all discharges and 
the wave heights a t  the end of the apron were about 1 foot high on the aver- 
age, Figure 12 .  Fo r  the 50,000 cfs tes t  the maximum depth in the eroded 
a rea  was about 5 feet, located about 50 feet from the end of the apron, 
Figure 13. After the 300,000 cfs test, the maximum erosion was only 2.0 
feet deep and was 60 feet downstream from the end of the apron. 

After the 50,000 cfs discharge, the channel bed at the end of the 
concrete apron had eroded to  a depth of about 6 inches prototype. However, 
at the larger  flow the bed material moved upstream and deposited w e r  the 
edge of the end sill to  a depth of about 2 feet. Tail-water sweepout curves 
showed that the jump would stay in the basin for all discharges at the nor- 
mal design tail-water elevations, Figure 713. 

. 
Because of the overall good performance of this basin, it was 

recommended for  prototype construction. 

Spillway Crest Studies 

To determine the hydraulic characteristics of the c res t  shape, 
a discharge-'capacity curve was obtained for the spillway. In addition, 
pressure measurements along the cer~ te r  line of one bay were made for 
several flows. 
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Calibration. The discharge capacity for uncontrolled flow over 
the spillway was  obtained for two tail-water conditions: (1) the norm 
tail water for flow through 4 bays, and (2) the normal tail water for  A 
ehrough all 18 bays. This was done to determine the effect of submergence 
on discharge capacity since, for flows above 94,000 cfs, the tail-water 
elevation is higher than the crest elevation. 

The results of the calibration a r e  shown on the curves #in Figure 
14. The free cres t  curve shows that at  the maximum reservoir elevation 
and with normal tail-water elevation for flow through 18 bays, the dis- 
charge through each bay is 14,650 cfs; about 2,000 cfs less than had been 
predicted during the spillway desi~m. With the tail water at the normal 
elevation for flow through 4 bays, the discharge per bay increased to 
15,000 cfs. The coefficient of discharge for free flow and normal tail- 
water elevation for flow through 4 bays is also shown on Figure 14. 

The spillway capacity for controlled flow was also determined from 
the model studies. The radial gates of the full bay 'and two partial bays 
were equally opened with the lower edges of the gates set at a point equiv- 
alent to 1 foot above the crest. The capacity through the three sections was 
determined for several reservoir elevations up to the maximurn. This was 
repeated, at 2-foot gate opening intervals up to 15 feet. The result of this 
calibration, in terms of the quantity passing through one spillway bay, is 
shown on Figure 14. 

Pressure measurements. Pressure measurements were made 
using piezometers placed in the center of the full bay of the spillway model. 
Readings were made for controlled flow at eight different gate openings 
and for two free flow conditions all at the maximum reservoir elevation. 
The results of this test are shown on Figure 15. The pressures were near 
or  above atmospheric for allpiezometers except No. 8. This piezometer 
was located at the toe of the crest; when the tail water was lowered and the 
hydraulic jump moved downstream the pressure at this piezometer was re- 
duced. The minimum pressure recorded at this piezometer w a s  equivalent 
to 3.5 feet of water below atmospheric. Since this was well above the cavi- 
tation range, no change in the crest profile was recommended. The drop- 
in pressure at  Piezometer No. 8 with the low tail water was probably caused 
by the action of the flow around the chute blocks. The chute blocks deflected 
part of the flow laterally and the change in direction of the flow lines was 
reflected in the reduced pressure at the piezorneter. With the high, or nor- 
mal, tail water the jet is submerged and the directional effect of the chute 
blocks greatly reduced. 

Gate Opening Procedure 

The tail-water depth is an important factor in determining the 
permissible gate opening increment during spillway operation. If the tail 
water is not sufficient to retain the hydraulic jump on the apron, there 
could be considerable riverbed erosion at the end of the stilling basin re- 
sulting in damage to the structure. In order to have adequate tail water 
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adjacent to the powerhouse was placed 4 feet lower than in the other 16  
bays. With this arrangement the flow from the turbines will  maintain 
the tail water a t  elevation 74.0 or  4 feet deep in these 2 bays. With the 
tail water a t  this elevation, the critical tail-water curve for the two bays, 
Figure 7A, shows that a discharge of 3200 cfs can be released through t 

the two gates without sweeping the hydraulic jump from the .apron. The ? 
gates can therefore be set at openings to release 1600 cfs each. These 
openings can be determined from Figure 14. 

6 
The normal tail-water elevation for 3200 cfs is about 78.0 and the 

afterbay water level will gradually build up to this elevation. As this 
buildup takes place the gates in the two bays can be opened to release larger 
discharges. This should be done in such a way that the tail-water elevation 
versus discharge relationship always gives a point on or  above the critical 
tail-water curve of Figure TA. For example, when the tail water reaches 
elevation 76.0 the discharge through the gates can be increased to as  much 
as  5000 cfs; for elevation 7'7.0 the release can be about 6200 cfs. The two 
radial gates can be opened in increments to give these releases until the 
tail water reaches elevation 78.5 at which time four or  more additional 
gates can be opened. The critical tail-water curve for four gates (excluding 
the two adjacent to the powerhouse) Figure 7B, shows that a tail-water 
elevation of 7 9.5 will  permit release of about 3000 cfs through each group 
of four gates, or  750 cfs per gate. With the tail water at elevation 79.5 it 
would be permissible to open all spillway gates, in groups of four, to where 
each gate is discharging 750 cfs. As the tail water builds up each group of 
four gates can be opened further, in accordance with the critical tail-water 
curve of Figure 7B. 

This gate opening procedure can be followed until all gates are 
fully opened. During this operation it is important that the tail-water 
elevation-discharge relationship f o r  any four adjacent gates, and that for 
the two gates adjacent to the powerhouse, be kept above the appropriate 
critical tail-water curves of Figures 7A and 7B. This assures that the 
hydraulic jump will not sweep from the stilling basin. - 

-. 
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